only be a result, never an evolutionary cause, of coloniality.
In each section of this paper we investigate one of the disadvantages or advantages of Bank Swallow coloniality. Colonies of various sizes, ranging from 2 to 451 nests, were studied and compared whenever possible; in 1973 we observed one Bank Swallow pair which nested alone. If coloniality is an evolutionarily ancient feature of Bank Swallow breeding biology, as Josefik (1962) speculated, then the behaviors we observed probably evolved in the context of group living rather than in response to recently disturbed habitats.
EXPERIMENTAL POPULATIONS AND TECHNIQUES
From May to August 1972 and 1973 we examined 54 Bank Swallow colonies of various sizes (Fig. la) in five counties near Ann Arbor, Michigan. Of these, approximately half were studied extensively. Bank Swallows nest along river banks (Josefik 1962 , Marian 1968 ) and lake shores (Stoner 1936) and in commercial gravel pits (Stoner 1936 , Spencer 1962 . Near Ann Arbor, most colonies are located in gravel pits, and all our data are from such colonies.
We determined the number of active nests in each colony by examining as many burrows individually as possible. We found varying numbers of apparently unused burrows in all colonies, and these were excluded for colony size determinations. Figure la shows that the final size of nearly 60% of the study colonies was 1-50 active nests (2-100 breeding adults). Similar percentages of "small" colonies were reported by J osefik (1962) , Marian (1968) , and Oelke (1968) . Such data misleadingly suggest that most Bank Swallows interact with relatively few conspecifics. However, as Fig. lb shows, 71 % of the Bank Swallows near Ann Arbor inhabited colonies containing 100 or more active nests, and 47% inhabited colonies of 200 or more. Stoner (1936) reported that Bank Swallows sometimes raise two broods at a latitude similar to Ann Arbor's. We did not see clear cases of second nesting during our study.
All adult birds we studied individually were caught in mist nets or by hand at night in the nest burrows (as described by Bergstrom 1951) and were marked permanently with United States Fish and Wildlife Service numbered aluminum leg bands and temporarily with green, red, and yellow Magic Marker(,?,, applied in various combinations to the birds' white breast feathers. Svensson (1969) and Oring and Knudson (1973) apparently used a similar marking method. For color marking, the Bank Swallow's breast area was divided approximately in half, transversely, and different colors were applied to the anterior and posterior sections, or to both. Thus there were three individual patterns for each single color, plus various combinations of colors. The technique had no observable effects on the birds' behavior. Color-marked birds were easily identifiable, even at great distances, regardless of their wingbeat frequency. Young Bank Swallows used to determine parental recognition abilities were marked with U.S.F.W.S. leg bands, and, for visual observation, older nestlings were also marked with bits of brightly colored cloth fastened to the tops of their heads with nontoxic, water-soluble glue. In all transfer experiments, approximately 30 min elapsed from the time of nestling removal until each was placed in a foreign nest or was returned to its own nest. All experimental and control nests contained either four or five nestlings after transfers.
Burrows under observation were marked for identification at a distance by numbers or symbols scratched near them in the sand bank. We also marked certain burrows more permanently by attaching self-sticking, numbered circles of paper to nail heads, then driving the nails into the bank. These burrow marking methods had no observable effects on the swallows' behaviors. We observed nest contents using a dental mirror fastened at an oblique angle to the end of a 0.6-cm X 1-m dowel in tandem with either a concave shaving mirror or, on overcast days, a flashlight. To mark nestlings, we dug out their burrows with a hand trowel, then repaired the burrows with the original sand or gravel.
Parent birds readily returned to such burrows. We manipulated eggs for recognition experiments with as little disruption as possible to burrows and nests by using a plastic spoon fastened to the end of a thin dowel.
Such eggs were marked with dots of Magic Marker? and placed into experimental nests within a few minutes after the time of their removal.
We recorded the birds' vocalizations with a NagraIIITM tape recorder equipped with an American MicrophoneTM (Model D-33) microphone. All vocalization data were analyzed with this equipment or with a tape recorder (Uher1rm, Model 4000 Report-L). The simulated predator used in mobbing experiments was a long-tailed weasel (Mustela frenata nov eboracensis), collected near Ann Arbor in 1933 , and stuffed in a lifelike pose. Following the suggestion of Kruuk (1964) , we introduced the weasel to a chosen burrow by hand, then departed quickly. We photographed mobs and burrow densities.
For pictures of mobs, the camera was always placed 32 m from a central or edge burrow into which the stuffed weasel was placed. Observations were made with binoculars. The 11 adults collected during this study were killed with dust shot, and were sexed by dissection.
Ten-day-old nestlings were restrained in small plastic bags and weighed to an accuracy of 0.1 g. Weighed nestlings were aged exactly by marking their home burrows on the day the eggs began hatching. We aged other nestlings approximately by comparing plumage characteristics with those of young of known ages.
All indicated significance levels are for two-tailed statistical tests.
THE DISADVANTAGES OF BANK SWALLOW

COLONIALITY
Increased competition for nest sites and nest materials Competition for nest sites and nest materials is a commonly reported disadvantage of bird coloniality.
Among swallows, fighting for specific nest sites is apparently common, having been observed in Crag Martins (Hirundo rupestris) (Cramp 1970) , House
Martins (Delichon urbica) (Lind 1960), Purple
Martins (Progne subis) (Allen and Nice 1952, Finlay 1971 ), Rough-winged Swallows (Stelgidopteryx ruficollis) (Lunk 1962) , Tree Swallows (Iridoprocne bicolor) (Kuerzi 1941) , and Bank Swallows (Petersen 1955, this study). That physical combat is sometimes exceedingly deleterious is suggested by Kuerzi's (1941) observation of a Tree Swallow death that resulted from a fight for a nest box.
Competition for nest materials as manifested by stealing of these materials has been observed in many colonial species (Fisher and Lockley 1954 , Cullen 1957 , Sladen 1958 , Crook 1964 , Tenaza 1971 ). Siegfried's report (1972) that the major cause of nest and egg loss in a colony of Cattle Egrets (Bubil/cus ibis) was intracolonial stick stealing suggests the potential seriousness of this disadvantage for individual parents. We investigated to line nests) were observed, as was stealing of nest materials. The temporal progression of these behaviors at one colony is shown in Fig. 2 .
Throughout excavation and nest-building individual swallows must often defend their burrows against conspecifics, and fights often develop. Fights usually begin at the edge of a burrow and the combatants then either fall from the bank face to the ground or, more often, continue battling in the air. Of 44 conflicts that began at the edge of a burrow, 31 (70%) ended in midair battles, and the remainder terminated only after the antagonists hit the ground. We did not determine whether trespassing birds had already begun excavations at other sites. Figure 3 shows the occurrence of nest site fighting at the three colonies studied in 1973. An analysis of these data, using observations from the 17 days following the appearance of the first burrow at each colony, shows that the number of fights per individual establishing and defending a nesting burrow increase directly with colony size.
When the burrow is deep enough, parent Bank
Swallows hollow out a cavity at its distal end and begin to build a nest (Stoner 1936 , Beyer 1938 ).
In the Ann Arbor vicinity, nests usually contain a combination of grass stems, rootlets, straw, and twigs. As nests begin to appear, individuals steal nest materials from their neighbors. A thief usually visits burrows near its own until an untended one is found, enters this untended burrow, and emerges 5-60 s later with one or several nest material items, which it carries to its own burrow. Birds apparently do not steal from burrows containing owners: on nine separate occasions a bird ready to steal (as evidenced by the fact that it went on to steal from another burrow) stopped at the entrance of a burrow that was known to be occupied and flew off without attempting to enter. Of 67 separate instances of successful stealing, 58 (86%) occurred within a distance defined by the nearest five burrows in any direction from the thief's home burrow. Successions of as many as seven thefts by one bird or mated pair were observed; the mean number of consecutive thefts was 1.8 + 0.9 (N -18). We did not determine if parents tend to steal in teams with one guarding the home burrow while the other robs.
We recorded nest material stealing during the peak of this activity at the three colonies studied in 1973.
For this analysis the peak of activity has been defined as the 20 days following its first observance, and each thief was scored only once, regardless of its number of consecutive robberies. The 20-day interval corresponds to the length of time that stealing was evident in the two colonies where it was observed in 1973. A similar time interval for nest material stealing was also observed at colony C.L., studied in 1972 (Fig. 2) . (Stoner 1936 , Petersen 1955 , nest building (Stoner 1936 , Stoner and Stoner 1941 , Petersen 1955 , incubation (Stoner 1936 , Moreau and Moreau 1939 , Petersen 1955 , and feeding of the young (Stoner 1936 , Beyer 1938 Our observation that semen is sometimes deposited on dead decoys suggests that the observed behaviors really were copulation attempts. Similar attempted copulations on dead birds have been reported in Brewer's Blackbirds (Euphagus cyanocephalus) (Howell and Bartholomew 1952) and Barn Swallows (Hirundo rustica) (Samuel 197 la) . Copulation with nonmates has been observed in several colonial species: Little Blue Herons (Florida caerulea) (Meanley 1955) , White Ibises (Eudocirnus albus) (Kushlan 1973) , Gray-headed Albatrosses (Dioriedea chrvsostoma) (Tickell and Pinder 1966), Laysan Albatrosses (Diomzedea iminutabilis) (Fisher 1971) , and, among swallows, in Cliff Swallows (Petrochelidon pyrrhonota) (Emlen 1954) , Tree
Swallows (Chapman 1955) , and House Martins (Lind 1960) .
To study the probability of males being cuckolded, we placed a stuffed female at the bases of three different-sized colonies during the stages of burrow construction through incubation. Only during these stages do males attempt to copulate with a stuffed female (Fig. 4a) . Table 2 shows that the per-bird number of attempted copulations on the decoy at the three colonies differed significantly (p < .01, analysis of variance). However, contrary to our expectation, the greatest probability of males being cuckolded, as measured by the number of copulation attempts on the female decoy, was at the colony of 122 active burrows rather than at the 228-burrow colony.
To determine whether mates guard one another, we examined tendencies of adults to land on the ground and to enter burrows as pairs. Both of these tendencies change markedly with the progression of the nesting cycle. The percent of times that two birds landed synchronously rather than singly as a function of date is shown in Fig. 4b .
The temporal similarity between attempted copulations on the decoy ( the male which follows the female during the time prior to incubation. Male guarding of females has also been observed in Brewer's Blackbirds (Horn 1968) and Barn Swallows (Samuel 1971a) .
A comparison of Bank and Rough-winged Swallow roosting habits also suggests mate guarding in Bank Swallows. Both Bank Swallow parents commonly spend the night together in the home burrow, from the time of hole initiation until the young are about half grown (Petersen 1955 , Lunk 1962 , but see Stoner 1926 . On the other hand, although females of the noncolonial Rough-winged Swallow often roost in the home burrow, males have never been observed to roost there with their mates (Blake 1953 , Skutch 1960 , Lunk 1962 . We tried to determine if male Bank Swallows roost most often with their mates when inseminations are likely to be successful (before and during egg-laying), but we abandoned this attempt because of the extreme disturbance caused by our nighttime visits.
Increased intraspecific brood parasitism
Because of the potential attractiveness of a large group of breeding birds to interspecific brood parasites (Hamilton and Orians 1965) , increased chances of caring for foreign eggs might constitute another disadvantage of coloniality. We found no evidence of interspecific brood parasitism. None of the 1,500+ nests we examined ever contained eggs or young of birds other than Bank Swallows.
Simultaneously laying conspecifics always represent a brood parasitic threat to parents (example in Weller 1959) . In colonial species, the probability of caring for an unrelated conspecific because of this threat is presumably increased. Intracolonial brood parasitism has been observed in Lesser Snow Geese (Chen caerulesens) (Cooch 1958, Cooke and Mirsky 1972) and has been suggested for Greater Flamingos (Phoenicopterus ruber) by Brown (1958) .
Species in which nests tended by one female commonly receive eggs produced by another (unrelated) conspecific may be expected to evolve egg-recognition abilities. Intraspecific egg discrimination has most often been reported in colonial sea birds (e.g., Johnson 1941 , Tschanz 1959 , Buckley and Buckley 1972b , although not all colonial sea birds recognize their own eggs (Davies and Carrick 1962) . We investigated the possibility of intracolonial brood parasitism in Bank Swallows in several ways, including an examination of egg-recognition abilities.
In Lesser Snow Geese (Cooch 1958, Cooke and Mirsky 1972) and Red-headed Ducks (Aythya americana) (Weller 1959 Stoner (1936) and Petersen (1955) suggested that once a female Bank Swallow begins laying, the clutch increases at the rate of one egg/day until completion. One egg/day laying patterns have also been observed in Barn Swallows (Hosking and Newberry 1946 , Purchon 1948 , Samuel 1971b , Cliff Swallows (Samuel 1971b) , Purple Martins (Allen and Nice 1952) , and Tree Swallows (Austin and Low 1932, Paynter 1954) . Variations in the one egg/day pattern might indicate intraspecific brood parasitism: zero eggs/day at an active nest might suggest that the owning female had parasitized a neighbor's nest, whereas two eggs/day might indicate parasitic exploitation of that nest. We looked for such variations by making intra-nest comparisons of clutch size on consecutive days. We examined nests between 0700 and 1100 h and recorded 347 comparisons from 140 nests. In 315 of these comparisons (90.8%), clutches increased by one egg during the 24 h between examinations. In 23 (6.6%), clutches did not increase, while in 9 (2.6%), they increased by two eggs. Some of the zero eggs/day observations might have represented parental responses to unfavorable weather. Such interruption of egg-laying sequences during inclement weather has been observed in Purple Martins by Allen and Nice (1952) and in Tree Swallows by Kuerzi (1941) .
However, it is probable that the deviations from the one egg/day pattern were due to slight delays in the timing of egg deposition or to variations in our timing of nest examination. This interpretation is supported by the observation that of the nine clutches that increased by two eggs in one 24-h period, eight (89%) had not increased in size during the preceding 24 h. Absence of widespread variation from the one egg/ day pattern suggests that there is little or no intracolonial brood parasitism in Bank Swallows.
The daily timing of egg deposition suggests the same. We counted eggs in 73 nests shortly after sunrise and shortly before sunset on I day, and shortly after sunrise the following day. Significantly more eggs (p < .001, chi-squared test) were laid during the night and early morning (91%) than during daylight hours (9%). Nighttime and early morning laying of eggs has also been observed in Barn Swallows (Brown 1924 , Purchon 1948 Intracolonial killing of eggs or young has been observed in many colonial birds. Herring Gulls (Lcaris (irgentatlis) (Paludan 1951 , Tinbergen 1960 , Brown 1967 , Parsons 1971 , Glaucous-winged Gulls (Larus glaucescens) (Vermeer 1963) , Black-headed Gulls (Laruts ridiblindus) (Kirkman 1937, Weid- broods first start to mix. This latter hypothesis has been suggested previously (e.g., Cullen 1957 , Davies and Carrick 1962 , Snow 1963 and has recently been supported by Burtt (1973, unpiubl. data) and by Miller and Emlen (1975) .
Evidence of parent-offspring recognition has been found in every colonially nesting species in which such recognition has been investigated. Herring and Laughing Gulls (Loris atricilla) (Tinbergen 1960 , Beer 1969 , 1970a , Ring-billed Gulls (Larus delawaren.si.s) (Miller and Emlen 1975) , Royal and Crested Terns (Sterna inaximna and S. hergii) (Davies and Carrick 1962, Buckley and Buckley 1972b), Adelie Penguins (Pvgoscelis adeliae) (Sladen 1958 , Penny 1968 , and Shags (Phalacrocorax aristotelis) (Snow 1963) clearly recognize their own offspring.
In the Hirundinidae, parent-offspring recognition has been demonstrated in Barn and Tree Swallows TABLL-3. a) Responses of parent Bank Swallows to non-offspring misplaced into the parent's home burrows, observed 5-14 July 1972. All data are from color-marked birds fiom one 11-burrow colony. On 31 occasions parents showed no response within 1 h to unrelated young at the home burrow. b) Responses of parent Bank Swallows to their own offspring when the latter became misplaced into burrows other than their own. Data are from the same colony as in a) 5-14 July 1972. On 44 occasions parents showed no apparent response within I h to their own misplaced offspring (Burtt 1973, ulIn) Ifbl. (ldata), and has been suggested for Crag Martins (Strahm 1956 ) and Bank Swallows by Stoner (1926 Stoner ( , 1928a and Petersen (1955) .
To determine whether Bank Swallows discriminate between their own and unrelated offspring, we color marked parents and young of 10 broods at a colony of 1 7 nests in 1972. We recorded the responses of parents that encountered foreign young in their own burrows and of parents whose own young were misplaced during 32.5 h of observation 5-14 July. Most of the observed responses were to natural mixups, but occasionally we deliberately mixed young to facilitate observations of particular parents. That our marking scheme was not causing or enabling parents to behave in certain ways was ascertained by color marking the young of one brood, observing parental recognition of these young, then changing the color of the marks, and again observing recognition. All cases of observed parent-offspring recognition involved young at least 17 days old.
Responses of parents whose young were misplaced into strange burrows are shown in Table 3a . We observed three forms of active discrimination against unrelated young at the home burrow: pecking, pushing out, and pulling out. We did not detect any cooperation between mates in the expulsion of strangers. We also observed more passive discrimination: parents preferentially fed their own young rather than unrelated young when there was a choice. Only two parents made any recognition errors at the home burrow, and these errors all involved feeding of unrelated young. Since both erring parents unequivocally recognized their own offspring on other occasions, these mistakes seem anomalous.
Responses of parents whose young were misplaced into foreign burrows are shown in The bird flea Ceratophyllus riparius was the most commonly observed Bank Swallow ectoparasite in the Ann Arbor vicinity. These fleas were easily visible at the entrances of active burrows, where they were apparently waiting for a host to arrive. To assess the relationship between colony size and flea infestation, we recorded the number of fleas observed at the edges of 191 burrows from 22 colonies. All data are from burrows in which hatching started exactly 10 days previously, and counts were made between 0900 and 1700 h. We analyzed both the number of fleas per burrow (Fig. 6a) and the probability of having at least one flea (Fig. 6b) as functions of colony size. In each case there was a significant positive relationship (for both, p < .01, regression and Kendall rank correlation test) . The observed relationships might be explained by the facts that large colonies (1 ) are more likely than smaller colonies to contain at least one flea-carrying bird, (2) are apparently characterized by more direct contact between individuals than are smaller colonies, and (3) have higher burrow densities than do smaller colonies (discussed later), but we did not thoroughly investigate the mechanisms involved. The positive slopes of Fig. 6a and 6b indicate that individuals in larger colonies experience more flea infestation than do individuals of smaller colonies. Biittiker (1969) counted ixodid ticks at several Bank Swallow colonies of different sizes, but his data suggest no relationship between colony size and tick infestation.
Whereas Bank Swallows are commonly infested with one or more species of bird lice, dipteran larvae, fleas, mites, and ticks (Stoner 1936 , Rothschild and Clay 1957 , BUttiker 1969 , this study), Rough-winged Swallows rarely harbor ectoparasites (Lunk 1962, personal communication) . This suggests differences of the expected sort regarding ectoparasitism within colonial species and closely related solitary species.
We did not investigate disease transmission within Bank Swallow colonies, but we predict that such transmission increases with increasing colony size. That mortality resulting from disease can significantly reduce swallow populations has been documented by Lipaev et al. (1970) for three different species.
THE ADVANTAGES OF BANK SWALLOW COLONIALITY
Shortage of suitable nesting habitat?
Shortages of suitable nesting habitat could force individuals of any species to breed closer to conspecifics than would otherwise be most advantageous (Snapp 1973) . That shortage of breeding space is a primary determinant of coloniality of island nesting marine birds has been suggested by Lack (1968) . In the Hirundinidae, coloniality of Barn Swallows (Snapp 1973, unpubl. data) , Bank Swallows (Emlen 1971) , and Cliff Swallows (Emlen 1952 ) has been attributed, at least in part, to some sort of habitat limitation. However, only for Barn Swallows was the issue thoroughly investigated. We examined the possibility that Bank Swallow coloniality results from a shortage of suitable breeding habitat in four different ways.
The relationships between the disadvantages of group living for Bank Swallows and colony size already discussed suggest that pairs nesting alone might be at a selective advantage over colonial conspecifics. If colonies result mainly because of shortages of nesting habitat, then isolated Bank Swallow burrows are expected whenever suitable single-burrow habitats are available and there are areas of suitable habitat too large to be saturated by the local breeding population. We sought isolated, active burrows, but of the 3,000+ active nests observed, only 1 (< 0.1%) was more than 100 m from another Bank Swallow burrow. Isolated Bank Swallow burrows have been observed by Hickling (1959) and Windsor (personal comnmeunication), but apparently very infrequently. On the other hand, we often saw Rough-winged nests > 100 m from the nearest conspecific's nest, as did Lunk (1962) . That Bank Swallows are presumably more able, because of their excavating abilities, than Rough-winged to determine the site of their burrows (Skutch 1960 , Lunk 1962 , Gaunt 1965 indicates that Bank Swallows could find isolated areas for breeding if it were advantageous to do so.
The spatial distribution of Bank Swallow burrows within a particular area also suggests that suitable habitat for breeding is not limiting. Often an entire sand bank appeared to us to be suitable, but birds nested only in a small portion. Stoner (1936) and Petersen (1955) in the number of Bank Swallows nesting at a specific river bank site. Stoner (1926 Stoner ( , 1936 White Pelicans (Pelicanus c. roseus) (Ward 1924) , and Cliff Swallows (Emlen 1952 (Behle 1944 (Behle , 1958 . Snapp (1973, unpubl. dhtaa) 
observed that
Barn Swallows sometimes forage in groups of two or more. For both Cliff Swallows (Emlen 1952) and Bank Swallows (Emlen 1971 , Emlen and Demong 1974 , 1975 , it has been suggested that social facilitation of foraging constitutes one of the principal advantages of coloniality.
Two independent considerations suggest that social foraging might be important to Bank Swallows:
nature of their aerial prey and directional feeding patterns of adults. All arthropods preyed on by Bank Swallows are so smafll and of a nature that they can be easily captured by birds feeding alone (Beal 1918 , Stoner 1926 , 1936 , Beyer 1938 ). Therefore, if social facilitation of foraging has evolved in these birds, it must be an evolutionary response to aggregated aerial prey that are widely and unpredictably scattered. These aggregations must consist of more food than can be easily consumed by one bird or mated pair, and must be difficult for solitary foragers to find (Ward 1965 , Horn 1968 , Alexander 1974 , Krebs 1974 . At least some prey meet these criteria, so it is possible that individuals which forage in groups will fare better than those which forage alone. We obtained indirect evidence that adults might sometimes feed in groups. At one colony of 17 active nests, we recorded the compass departure directions of six color-marked parents (from four different nests) on four different days during the time when young were being actively fed.
We categorized each departure direction into one of twelve 300 circular segments. Because the six parents ranged far from the colony while foraging, wve could not examine grouping tendencies during actual foraging. Therefore, we assume that the birds which left the colony heading in the same direction could have foraged together, while those which departed in different directions did not do so. We However, unless such synchrony is also evident during the time when the young are being fed, there is no obvious support for the social foraging hypothesis.
It was our impression from observations at several colonies that parent Bank Swallows do not forage synchronously in either large or small groups when they are raising offspring. To test this, we recorded at one colony of five active nests the arrival times on 6 July and 9 July 1973 of all 10 color-marked parents to the colony site. On both days the distribution of arrival times was random (for both, 0.10 < p < 0.50, analysis by testing for flatness of spectrum), indicating that parents do not feed in a unified group. With these data we further tested whether parents feed in smaller groups of two or three. We did this by examining the number of times that birds arrived in "reflexive pairs." Two parents constituted a "reflexive pair" when their arrival times were closer to each other than either one was to any other arrival time (Clark 1956, Clark and Evans 1955) . A large number of reflexive pairs should have resulted if parents consistently fed in small groups. Assuming that individual parents feed independently, the expected numbers of reflexive pairs were 165 and 173 for 6 July and 9 July, respectively. We observed 176 and 182 reflexive pairs for these days, indicating no deviation from for- (Nettleship 1972) . In a preliminary 2-day investigation, we examined variation of average weight gained per feeding trip per clutch within and between colonies. We manipulated compared clutches so that they contained the same number of young (five) of approximately the same size and age, all younger than 10-11 days. We recorded feeding rates and weight changes at no less than two nests from each of two different colonies during the same hours of the same days. Compared colonies were at least 8 km apart. On both days that we recorded feeding rates and weight changes (8 and 9 June 1973), intercolonial variation in weight gain per feeding trip per clutch was greater than intracolonial variation, but on only one of the days were the differences statistically significant at the p < .05 level (Student's t-tests). From these data we conclude (1) that parents from different colonies apparently capture either different prey or different quantities of the same prey, and (2) that intercolonial comparisons of feeding rates alone would be meaningless. In fact, these data, along with the cold weather death data (Fig. 8) , suggest that increased competition for It is possible that individuals might gain by breeding in colonies because of decreased predation on themselves or their eggs and offspring. Discrimination is difficult between those advantages or characteristics of coloniality resulting from social facilitation of foraging and those resulting from decreased predation. For example, using similar evidence, Gadgil ( 1972) reached essentially opposite conclusions from those of Ward (1965) , Zahavi (1971) , and Ward and Zahavi ( 1973) regarding whether social facilitation of foraging or decreased predation is more important in the evolution of communal roosting (another form of group living).
Among colonial birds, the most commonly observed form of group defense against predators is mobbing, although decreased predation could theoretically result without mobbing (or any other form of group defense) because of "selfish herd" effects (Hamilton 1971 ) . Mobbing may involve physical assault or the creation of auditory or visual chaos. That avian mobs are at least sometimes successful in deterring predators has been repeatedly demonstrated (e.g., Burton and Thurston 1959 , Kruuk 1964 , Horn 1968 , Burger 1974b . Among swallows, predator mobbing has been observed in Barn Swallows (Smith and Graves 1973, personal 2) Does Bank Swallow mobbing deter predators?: -On 28 June 1972 at a colony of 172 active nests, we saw a Blue Jay attack, kill, and then eat a young Bank Swallow that had fallen from its home burrow.
After witnessing this natural predation, we set up a mobbing experiment at the same colony. We removed three young Bank Swallows from their home burrows and with 1 5-cm pieces of string tethered one at each of three different distances from the main group of burrows (Table 4) . On 17 occasions, one of at least two different Blue Jays entered the colony area and attempted to attack one of the tethered young. We replaced nestlings that were killed or injured in these attacks with uninjured young. On each of the 17 attempts, the attacking Blue Jay was mobbed to some extent, but the mobs near the main cluster of burrows were more often effective at jay deterrence than those at the other two positions (Table 4 ). The data in Table 4 demonstrate that Bank Swallow mobs are at least sometimes effective in deterring a predator, and that Blue Jays. and presumably other predators, are more Williamson ( 1949) suggested that the I"aggressiveness" of mobbing directed toward humans, at least, increases with increasing colony size. We observed few cases of attempted predation tinder natural conditions during our 2-yr study, and we were therefore unable to make direct comparisons of Bank Swallow mobbing success with colony size. We could, however, make indirect comparisons. We Advantages of breeding in such "selfish herds" (Hamilton 1971 ) should be most evident at greatest colony densities. Therefore, if decreased predation is an important benefit of coloniality, parents should compete to nest within clusters of maximal density. Further, assuming only that predators approach from outside the colony, there should be identifiable differences between the breeding success of central and peripheral nests, resulting either directly or indirectly from differences in predation. This effect will be enhanced, moreover, by tendencies of older, more experienced, or more powerful pairs to acquire the safest nesting sites. That central nests within colonies experience less predation than peripheral nests has been demonstrated in several species, including Adelie Penguins (Eklund 1961 , Taylor 1962 , Reid 1964 , Penney 1968 , Black-headed Gulls (Kruuk 1964 , Patterson 1965 , Pifion Jays (Balda and Bateman 1972) ), and White Pelicans (Schaller 1964) . In addition, that central nests within a colony are more successful than peripheral nests in one or more ways which might be at least indirectly related to decreased predation has been demonstrated in Brewer's Blackbirds (Horn 1968) , Cattle Egrets (Siegfried 1972) , Kittiwakes (Rissa tridactyla) (Coulson 1968) , Cliff Swallows (Emlen 1952) , and Bank Swallows (Emlen 1971 ) .
Bank Swallows within a colony typically group their burrows in dense clusters. As discussed previously, this tight clumping is not satisfactorily explained by either limitation of suitable breeding habitat or social facilitation of foraging. On the other hand, maximization of nest densities is expected when there is heavy predation on adults or clutches (Hamilton 1971) . The apparent ubiquity of tight clumping of burrows within colonies provides indirect evidence that Bank Swallow coloniality may have evolved in the context of decreased predation.
Emlen ( 1 971 ) reported that central nests of Bank Swallow colonies are more successful than peripheral nests, and he suggested that the differences were the result of increased abandonment of peripheral nests rather than to differential predation. However, Emlen's (1971) findings may indicate effects of selfish herd life. The absence of increased predation at peripheral sites might be the result of excessive abandonment of these sites by younger, less experienced, less powerful parents and by parents that have been selected to recognize situations unfavorable for rearing clutches to completion.
For Bank Swallows it is particularly difficult to distinguish between center-edge differences resulting from selfish herd life and those resulting from differences in group defense. To determine whether peripheral nests have as much protection from predators via mobbing as central nests, we photographed central and peripheral mobbing responses Table 5 .
At each colony, photographs of central mobs contained more birds than did those of peripheral mobs (for all four, p < .05, Student's t-tests). Selfish herd effects must certainly be considered in any investigation of center-edge differences, but the data of (Weidmann 1956 , Patterson 1965 , Herring Gulls (Paludan 1951 , Brown 1967 , Parsons 1971 , and
Lesser Black-backed Gulls (Brown 1967 (Hailman 1964) , Tricolored Blackbirds (Lack and Emlen 1939, Orians 1961b) , and White Pelicans (Behle 1944 , Schaller 1964 . Even when two small, distinct Bank Swallow colonies are close together and thus are presumably subjected to similar selective pressures, intracolonial breeding synchrony is greater than intercolonial synchrony in nearly every case. As previously discussed, nesting in large Bank Swallow colonies usually starts at some middle and radiates toward the ends of the bank (Fig. 7) . Although each large colony as a whole appears asynchronous, there is a maximization of nearest-neighbor breeding synchrony.
We did not compare reproductive successes of synchronous and asynchronous breeders within Bank Swallow colonies. However Demong (1974, 1975) showed that, as predicted, asynchronous breeders reared fewer offspring than did more synchronous birds. A significant part of this difference resulted from differential predation (Emlen and Demong 1975) but Demong (1974, 1975) suggested that most of the difference resulted because asynchronous breeders had fewer opportunities to benefit from social facilitation of foraging.
As offspring near fledging, individual parents within a colony might be expected to take greater risks during mobbing, as apparently Barn Swallow parents do with the first clutch at least (J. M. Smith and H. B. Graves, pers. coinin.). Increased intensity of mobbing in response to humans (and, presum- ably, other predators) as the nesting cycle progressed has been observed in Black-headed Gulls and suggested for Herring Gulls (Tinbergen 1960) . From our own daily observations at Bank Swallow colonies we learned that mobbing of predators occurs at all stages of the breeding cycle, even before any eggs are laid, and we were unable to detect any changes in mobbing with progression of the cycle, although
we predict that such changes occur.
We have assumed that reproductive synchrony within Bank Swallow colonies is an evolved response to predation, and the presence of such intracolonial synchrony is consistent with the hypothesis that Bank Swallow coloniality evolved in the context of decreased predation. However, breeding synchrony is also expected if coloniality has evolved in the context of social foraging (Horn 1970 , Ward and Zahavi 1973 , Emlen and Demong, 1974 , 1975 ).
The mere presence or absence of reproductive synchrony within colonies cannot be used to distinguish between coloniality dependent on decreased predation and that dependent on benefits from social foraging.
6) Does predation per nest vary with Bank
Swallow colony size?-If decreased predation -is an important advantage of coloniality, there should be less predation per nest in large colonies than in smaller ones. That breeding success is a positive function of colony size has been demonstrated in Black-headed Gulls (Patterson 1965) , Fulmars (Fisher 1952) , Gannets (Sitla bassana) Vevers 1944, Nelson 1966) , Herring Gulls (Darling 1938 , but see Haartman 1945 , Yellow-headed Blackbirds (Xanthocephallus xanthocephalius) (Fautin 1941 ), Red-winged Blackbirds (Robertson 1973) , and Tricolored Blackbirds (Orians 1961a , Payne 1969 ). Within larger Black-headed Gull colonies (Patterson 1965) and Red-winged Blackbird colonies (Robertson 1973) , at least, it is apparent that much of the increased breeding success results from decreased predation per nest. Zahavi (1971) This lack of statistically significant correlation is not necessarily fatal to our predation hypothesis.
Evidence from tracks, scent, and our arrival times at certain colonies suggested that practically all predations we observed were by nocturnal digging predators such as foxes, dogs, raccoons, or skunks. Swallows is at least sometimes successful in deterring some diurnal predators (Table 4) , there is no simple way to compare diurnal predation on adults or young with colony size. If such a comparison is ever made, we predict that large Bank Swallow colonies will prove to be more effective than smaller colonies in deterring diurnal predators and that individuals in large colonies experience less predation than those in smaller colonies.
CONCLUSIONS
We conclude that there are five major disadvantages of Bank Swallow coloniality:
1) Increased comipetition for-nest sites and luest mnaterials: That such increased competition occurred in the studied Bank Swallow colonies is indicated by (a) the positive relationship between the perbird number of fights for nest burrows and colony size, (b) the higher per-bird probability in larger colonies of having nest materials stolen, and (c) the higher per-bird probability in larger colonies of being forced to fight for feathers (vused to line nests).
2) Increased physical interfere-nce: We observed three types of physical interference within Bank Swallow colonies, each of which probably increases with increasing colony size. 3) The hypothesis that decreased predation is important in maintaining Bank Swallow coloniality is supported by (a) the success of mobs in deterring predators, at least sometimes, (b) the apparent increase in mobbing effectiveness with increasing colony size, (c) the fact that, within a colony, central nests are better protected than peripheral nests from predators, and (d) the presence of intracolonial breeding synchrony.
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